Background: Virtual Reality (VR) was defined as a collection of technological devices: "a computer capable of interactive 3D visualization, a head-mounted display and data gloves equipped with one or more position trackers". Today, lots of scientists define VR as a simulation of the real world based on computer graphics, a three dimensional world in which communities of real people interact, create content, items and services, producing real economic value through e-Commerce.
Introduction
In recent years, Virtual Reality (VR) generated both excitement and confusion. The first healthcare applications of VR started in the early '90s due to the need of medical staff to visualize complex medical data, particularly during surgery and for surgery planning (Chinnock, 1994) . These factors are evident in the extensive material published in both scientific and popular press, and in the possibly unrealistic expectations held by healthcare professionals .
Since 1986, when Jaron Lanier (1987) used the term for the first time, VR has been usually described as a collection of technological devices: a computer capable of interactive 3D visualization, a head-mounted display and data gloves equipped with one or more position trackers. The trackers sense the position and orientation of the user and report that information to the computer which updates (in real time) the images for display. Rubino (2002) , McCloy and Stone (2001) , Székely and Satava (1999) in their reviews share the same vision of VR: "a collection of technologies that allow people to interact efficiently with 3D computerized databases in real time using their natural senses and skills".
Typically, a VR system is composed of (Burdea, 2003; Brooks, 1999) :
• A database construction and virtual object modeling software • An input tool (trackers, gloves or user interface) • A graphic rendering system • An output tool (visual, aural and haptic): actually, less than 20% of VR healthcare applications in medicine are using any immersive equipment • A VR sensory stimuli delivery: using various forms of visual display technology that integrate real-time computer graphics and/or photographic images/video with a variety of other sensory (audio, force-feedback haptic/touch sensations and even olfactory) output devices. Other methods employ 3D displays that project on a single wall or on a multiple wall space (multiwall projection rooms are known as CAVES) (Rizzo, 2011) . Other gadgets are: a helmet or head-mounted display in high-resolution, 3D sights and sounds, head and/or limb-tracking hardware, and specialized software to reproduce an interactive virtual environment.
It is also possible to describe VR in terms of human experience as "a real or simulated environment in which a perceiver experiences telepresence", where telepresence can be described as the "experience of 'Presence' (Riva, 2003; Steuer, 1992) in an environment by means of a communication medium".
In behavioural sciences, where immersive devices are used by more than 50% of the applications, VR is described as "an advanced form of human-computer interface that allows the user to interact with and become immersed in a computer-generated environment in a naturalistic fashion" (Schultheis, 2001) . During the exposing, patients can thus experience the feeling of "being there". For Bellani and Fornasari (2011) VR is only a simulation of the real world based on computer graphics.
For Heim (1998) , VR is "an immersive, interactive system based on computable information… an experience that describes many life activities in the information age". In particular, he describes the VR experience according to its "three I's": 1. Immersion 2. Interactivity 3. Information intensity.
Developing this position, Bricken (1990) identifies the core characteristic of VR in the inclusive relationship between the participant and the virtual environment, where the direct experience of the immersive environment constitutes communication. According to this point of view VR is described as "an advanced form of human-computer interface that allows the user to interact with and become immersed in a computer-generated environment in a naturalistic fashion" (Schultheis, 2001) . All these definitions underline two different focuses of VR in medicine: VR as a simulation tool and VR as an interaction tool. For physicians and surgeons, the simulation focus of VR prevails over the interaction one: the ultimate goal of VR is the presentation of virtual objects to every human sense in a way identical to their natural counterpart (Székely, 1999) .
For Riva et al. (Gorini, Riva, 2008) VR is an interaction tool: 3D virtual worlds can be considered as 3D social networks, where people can collaborate to create and edit objects (like a collaborative 3D wiki space) also meeting each other and interacting with existing objects. For Kamel Boulos (2009) "comparing the World Wide Web (also known as 2D, two-dimensional Web or flat Web) to threedimensional (3D) multi-user, immersive virtual worlds can be tricky, and some might consider it similar to comparing apples with oranges or comparing the experience of reading an online health information leaflet to that of having a face-to-face meeting with a clinician". According to Boulos "the affordances of both media are different; they are also not mutually exclusive nor a substitute for one another. They are rather complementary and synergistic in many ways".
Beside this description of VR, it is necessary to underline that there are some potential distinctions between VR and Virtual World (VW). A VW may be considered a form of VR with some unique features, such as the possibility to meet other people, interact with them, create objects, sell/trade them, etc. instead of a VR that might be inhabited only by the patient (e.g. VR for psychology).
VR offers new ways to develop social skills, socialize and interact with other people via customizable, realistic, 3D, fully textured and animated avatars. The user can attend and participate in live events like lectures and conferences, build communities -including learners' communities and patient support groups -relax and visit new places, browse document collections in 3D virtual libraries.
The growing interest in medical applications of VR is also highlighted by the increasing number of scientific articles published every year on this topic: in 2003 Riva found 951 papers on MEDLINE and 708 on Psycinfo with the search term "Virtual Reality" (Riva, 2003) .
In 2006, searching Medline with the keyword "virtual reality", the total number of publications increased from 45 in 1995 to 951 in 2003 (Gorini, 2005) and to 3,203 in 2010 (Riva, 2011) .
There are currently a large number of articles about VR. In February 2012, the authors found 3,443 articles about "Virtual Reality" on Pubmed. The aim was to make an overview of the reviews (meta-Review), in order to limit the research to four areas (1. Communication Interface; 2. Medical Education; 3. Surgical Simulation; and 4. Therapy), given the large number of publications. Lantern (1) / Jan. 2014
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Methods

Keyterms Search on Pubmed and Psycinfo
Reviewers searched (Table 1) for the term "Virtual Reality" on Pubmed, Psycinfo, JMIR (Journal of Medical Internet Research) and Isiknowledge and noted that in 2010 a search for VR in Pubmed resulted in 2,960 articles, which increased to 3,290 in 2011, (+ 330 articles) and 3,443 in February 2012. On Psycinfo the number of articles found using the same term increased from 29 in 2010 to 114 in 2011 (+ 85 articles) and on Isiknowledge from 6,213 to 8,237 (+ 2,024 articles).
However, VR was not the only term searched. Additional terms used on PUBMED included the words: "Metaverse" (2 articles), "Second Life" (69 in 2010 , 103 in 2011 ), "Virtual World" (151 in 2010 , 200 in 2011 ) and "Virtual Life" (7 in 2010 , 10 in 2011 . These words are not completely representative of the entire world of VR applications in healthcare, but they are the most used. We could also add: Virtual Environment, Augmented Reality, Multiverse, etc. It is also important, and a criticality of this study, that the four search engines taken into consideration are not enough to make this review completely exhaustive, as APA search engine and others have not been employed. 
Result
VR as a Communication Interface: Presence and Avatar
VR and Communication: According to , VR can be considered as the leading edge of a general evolution of present communication interfaces like television, computer and telephone (Riva, Mantovani, 2000; Riva, Davide, 2001) . The main characteristic of this evolution is the full immersion of the human sensory motor channels into a vivid and global communication experience (Biocca, 1995) . Most of the work in this area is trying to improve the effectiveness of a VE by providing a more "realistic" experience to the user, such as adding physical qualities to virtual objects or improving the graphic resolution.
VWs, VE and VR provide the remote patient with a feeling of embodiment that has the potential to facilitate the clinical communication process and positively influence group cohesiveness in groupbased therapies (Gorini, 2007) .
Further studies include using Collaborative Virtual Environments (CVEs) which support multiple simultaneous users, in particular the patient and the therapist, who can communicate with each other through their avatars. CVEs have been used to examine and investigate the ability of recognizing emotions (Moore, 2005) and also to improve social interaction, teaching students how to express their emotions and understand those of other people (Cheng, 2010) . All these studies yielded encouraging results in identifying emotions and in the improvement of social performance after the intervention.
More than the richness of available images, the effectiveness of a virtual environment (VE) depends on the level of interaction/interactivity which actors have in both "real" and simulated environments. According to Sastry and Boyd (1998) , a VE, particularly when it is used for real world applications, is effective when "the user is able to navigate, select, pick, move and manipulate an object much more naturally". In this sense, emphasis shifts from the quality of the image to the freedom of the interaction, from the graphic perfection of the system to the affordances provided to the users in the environment (Satava, 1994) . Furthermore, as the underlying enabling technologies continue to evolve and allow us to design more useful and usable structural virtual environments, the next important challenge will involve populating these environments with virtual representations of humans (avatars) .
According to the International Organization for Standardization's ISO 13407 "Human centered design for interactive systems" requires (ISO/IEC 9126, 2001): a) active involvement of users; b) clear understanding of use and task requirements; c) appropriate allocation of function; d) iteration of design solutions; e) multi-disciplinary design team; and f) it is to be based on the processes of understanding and specifying the context of use; specifying the user and organizational requirements; producing designs and prototypes; carrying out user-based assessment. One example of VE developed using the ISO 13407 guidelines is the IERAPSI surgical training system (John, 2001) .
The key characteristic of VR, differentiating it from other media or communication systems, is the sense of presence (Riva, Davide, 2003; Ijsselsteijn, 2001) .
"Presence" is defined as the "sense of being there", or as the "feeling of being in a world that exists outside of the self" (Riva, Waterworth, 2004) . It is now widely acknowledged that presence can be considered as a neuropsychological phenomenon (Riva, Anguera, 2006) . Different studies indicate a direct connection between the intensity of the emotions experienced in VR and the level of presence by which it is elicited (Riva, Mantovani, 2007) .
In particular, Riva and Waterworth (2004) describe presence as a defining feature of the self, related to the evolution of a key feature of any central nervous system: the embedding of sensoryreferred properties into an internal functional space. VR and Avatar: The inhabitants of virtual environments can be classified as bots and avatars. A bot is an autonomous agent that pursues its own goals. On the contrary, an avatar -a representation of a human being -is under the direct control of that human being . A typical humanoid avatar like those defined by the H-Anim Standard (ISO/IEC FCD 19774) contains more than four dozen joints (not including the additional joints in the spine which have limited mobility).
This example proves that the avatar's behaviour needs only represents human behaviour to a certain extent. It is impossible in practice for any representation to be exact -perfect faithfulness is impossible -but at any level of fidelity, a closer approximation could always be obtained. There are no absolute criteria -one must choose the level of faithfulness which is most cost-effective to meet the needs imposed by each application. People and their avatars have two classes of behaviours: independent and interactive .
Independent behaviours, such as waving a hand, are performed by the avatar alone; they can depend on other objects in the environment.
Interactive behaviours, like picking up a pen or shaking hands, require that the avatar locates other objects, possibly objects moving unpredictably in the environment, and moves in relation to those objects.
Another VR application used as a communication interface for physicians may be the 4D GIS (four-dimensional Geographic Information Systems comprising three-dimensional 3D GIS, plus the temporal/real-time dimension) which serves very well the classic public health Person-Place-Time Triad.
Kamel Boulos (2009) proposed to develop a 4D GIS collaborative and interactive platform which combines virtual globes or 3D mirror worlds and 3D virtual worlds and complements, and tightly integrates them with other key technologies, e.g., real-time, geo-tagged RSS-Really Simple Syndication feeds and geo-mash-ups. Such a platform would be much suited for emergency and disaster management in real-time, e.g., for managing an influenza pandemic and coordinating actions at global, regional and local levels. Another one is the Interactive 3D Earth globe for accessing web-based, geographically-indexed information (Kamel Boulos, Burden, 2007) . This globe in Second Life offered access to web-based statistics and information about sexually transmitted infections (STIs)/HIV/AIDS from 53 European region countries. The globe is part of the University of Plymouth Sexual Health SIM in Second Life . Starting from literature that documented the extent to which people are using the Internet to enquire about their real life health (Madden, 2006) , in Gonzalez (2009 started a research in SL, expecting to observe a similar interest in personal health in Second Life. Yet while she visited numerous medical sites and clinics in SL, she found them all empty. Universities, clinics and other health organizations had made a considerable effort to set up elaborate architectural structures with placards and displays of health information, but not a single avatar was in sight. Gonzalez wandered these empty structures, looking for health-seeking behavior in SL, but in vain. The only clinic where she found avatars was a setting for sexual role play in which people enacted sexual fantasies between doctors and patients. Lantern (1) / Jan. 2014
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Medical Education and Training
Virtual worlds are an exciting area offering opportunities in clinical teaching and interventions. Clinicians and academics may approach these emerging opportunities with enthusiasm or scepticism (Kashani, 2009) .Through 3D visualization of massive volumes of information and databases, clinicians and students can understand important physiological principles or basic anatomy (Alcañiz, 2000) . For instance, VR can be used to explore the organs by "flying" around, behind, or even inside them. In this sense VEs can be used both as didactic and experiential educational tools, allowing a deeper understanding of the interrelationship of anatomical structures that cannot be achieved by any other means, including cadaveric dissection.
Apart from anatomical training, VR has been used for teaching the skill of performing different tasks like a 12-lead ECG (Jeffries, 2003) . In all these cases, VR simulators allowed the acquisition of the necessary technical skills required for the procedure.
In some cases, VWs were also used for prevention and to provide healthcare information, educate and improve patients' healthcare knowledge (Kamel Boulos, Toth-Cohen, 2009) Other uses of VW (Second Life) for medical and healthcare education (Douglas, Procter, 2009) have been documented in different articles (Beard, Wilson, 2009; Kamel Boulos, Hetherington, 2007; Kamel Boulos, Ramloll, 2008; Gorini, Gaggiolo, 2008; Hansen, 2008) .
Second Life has been used for disaster simulation, nursing training (Skiba, 2009) , nutrition education, etc., much of which is referenced by one of the primary in-world sources of healthcare information (HealthInfo Island funded by the National Library of Medicine) (Perryman, 2009) . Virtual Worlds like Second Life were also used for consumer health and higher education. Thot-Cohen describes the development and evaluation of public exhibits on health and wellness at the Jefferson occupational therapy education center in Second Life (Toth- Cohen, 2009 ). 
The Surgical Simulation: Neurosurgery, Laparoscopic & Endoscopic, Simulators
In 1995, Whalley (1995) stated that complex operative techniques can be taught in a virtual reality machine -it is already feasible to use the results of clinical investigations (for example MRI scans) to construct a precise virtual reality model of all or part of a patient. Supercomputers now allow the integration of quite massive databases derived from structural imaging of diseased organs and their simultaneous functional mapping that can be used to give the surgeon the opportunity to rehearse a potentially complex surgical procedure in virtual reality before attempting this with a patient.
VR & AR Surgery, Previous Review
Mabrey's (2010) previous literature review including "virtual reality'' AND ''surgery'' yielded 1,025 citations spanning from 1992 to 2009. This subset, VR+Surgery, was then searched using ''orthopaedic'' OR ''orthopedic'' OR ''fracture'' OR ''spine'' OR ''hip'' OR ''knee'' OR ''shoulder'', yielding 232 articles from 1994 to 2009.
Among the 48 relevant orthopaedic articles from 1995 to 2009 found in the informal literature review, only 23 dealt with specific simulators, with the rest being more general reviews of the topic.
Only 16 of these 23 articles dealt with specific simulators with the rest covering principles of VR training as it related to orthopaedics. They broke down into 9 papers about knee arthroscopy simulators (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , four involving shoulder simulators (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , and three fractures (2007-2008.) On the other hand, there were 246 citations of laparoscopic virtual reality simulation out of the original 1,025 citations (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . Gurusamy et al. (2008) reviewed 23 randomized control trials of VR laparoscopic simulators that included 612 participants. They reported that VR laparoscopic training decreased the time for task completion and increased overall accuracy in comparison with the controlled subjects who had not undergone VR training. VR technology, when applied to the education of residents in general surgery programs, had a positive impact on their training (Aggarwal, 2007; Ahlberg, 2007; Grantcharov, 2003; Larsen, 2009; Stefanidis, 2005; Verdaasdonk, 2008) .
The number of papers specific to orthopaedics and VR is limited (Mabrey, 2010) . VR is used effectively in other specialties, especially general surgery. VR simulators are readily available for shoulder and knee arthroscopy but not as well incorporated into training curricula.
One limitation is that VR laparoscopic simulators assess performance, but lack realistic haptic feedback. Augmented Reality (AR) combines a VR setting with real physical materials, instruments, and Lantern (1) / Jan. 2014
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The different kinds of simulators used for training purposes are: traditional box trainers, virtual reality (VR), and Augmented Reality (AR) simulators.
• Traditional box trainers have realistic haptic feedback during procedures, but an expert observer must be at disposal to assess the performance. • VR simulators provide explanations of the tasks to be practised and objective assessment of the performance; however, they lack realistic haptic feedback. • AR simulators retain realistic haptic feedback and provide objective assessment of the performance of the trainee.
Botden and Jakimowicz (2009) identify four augmented reality laparoscopic simulators: 1. ProMIS: that combines the virtual and real worlds in the same system: users learn, practice and measure their proficiency with real instruments on physical and virtual models. 2. CELTS (The computerenhanced laparoscopic training system): that is a prototype laparoscopic surgery simulator that uses real instruments, real video display and laparoscopic light sources with synthetic skin and task trays to permit highly realistic practice of basic surgical skills. 3. LTS3-e: that is a relatively low-cost augmented reality simulator capable of training and assessing technical laparoscopic skills of the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) Fundamentals of Laparoscopy (FLS) program. 4. The Blue DRAGON: that is a system for acquiring the kinematics and the dynamics of two endoscopic tools along with the visual view of the surgical scene. The AR laparoscopic simulator's major advantage over the VR simulator is that it allows the trainee to use the same instruments that are currently used in the operating room. The simulator provides realistic haptic feedback because of the hybrid mannequin environment in which the trainee is working, which is absent in VR systems. This simulator offers a physically realistic training environment that is based on real instruments interacting with real objects. 
Therapy: a) Phobias, PTSD, Anxiety Disorders, etc., b) Rehabilitation, c) Clinical & Pain Management
In the psychotherapeutic field, VR can also be described as an advanced imaginary system: an experiential form of imagery that is as effective as reality in inducing emotional responses (North, 1997; ) -indeed in psychotherapy, the change may come through an intense focus on a particular instance or experience (Wolfe, 2002) . As outlined by Baños et al. (1999) the VR experience can help the course of the therapy for "its capability of reducing the distinction between the computer's reality and the conventional reality". What is more, "VR can be used for experiencing different identities and… even other forms of self, as well". The feeling of "presence" that patients experience in these environments, involving all the sensory motor channels, enables them to really "live" the experience in a more vivid and realistic manner than they could do through their own imagination (Vincelli, 1998) . This should mean fewer treatment sessions, and, therefore, lower costs for the treatment (Wiederhold, Gevirtz, 1998; . The first commercial version of a VR system was developed by Morton Heilig in 1956 (Heilig, 1962 .
Phobias, PTSD, Anxiety disorders:
VR was verified in the treatment of six psychological disorders: acrophobia (Emmelkamp, 2001; Rothbaum, Hodges, 1995) , spider phobia (Garcia-Palacios, 2002) , panic disorders with agoraphobia (Vincelli, Anolli, 2003) , body image disturbances , binge eating disorders (Riva, Bacchetta, 2002; Riva, Bacchetta, 2003) , and fear of flying (Rothbaum, Hodges, 2000; Wiederhold, Jang, 2002) .
Even if many different kinds of treatment are available for anxiety disorders (Gorini, Riva, 2008) , such as behavioural treatments (relaxation, exposure, modelling and role play), cognitive therapies (thought stopping, mental distraction and thought recording), medication, psychodynamic therapy, support groups in VWs (Norris, 2009) , family therapy and biofeedback, many studies have demonstrated that the exposure-based treatments are among the most effective (Deacon, Abramowitz, 2004; Kobak, Greist, 1998) . Despite its effectiveness, exposure-based therapy presents significant limitations:
• Many patients are reticent to expose themselves to the real phobic stimulus or situation.
• In vivo exposure can never be fully controlled by the therapist and its intensity can be too strong for the patient. • This technique often requires that therapists accompany patients into anxiety-provoking situations in the real world increasing the costs for the patient, and with great time expenditure for both therapist and patient (Gorini, Riva, 2008) .
These are also the reasons why patients usually accept the use of VR very well. In a recent study, Garcia-Palacios et al. (2001) compared the acceptance of one-session and multisession in vivo exposure versus multi-session VR exposure therapy. More than 80% of the sample preferred VR to in vivo exposure.
In psychotherapy, repeated exposure leads patients to consider feared situations less and less threatening and to experience much less frequently feelings of anxiety -accordingly, patients are less inclined to avoid such situations. In the last few years, researchers and clinicians started using VR to carry out a specific form of exposure treatment (VR exposure therapy [VRET] ). VRET has the potential to control, enhance and accelerate the treatment process offering several advantages over real exposure or imagination techniques. Lantern Compared with the in vivo exposure, VRET is completely controlled: the quality, intensity and frequency of the exposure is entirely decided by the therapist in the office and can be stopped any time if the patient is unable to tolerate it. The flexibility of VEs also allows the patient to practice in situations often exaggerated and much worse than those that are likely to be encountered in real life (Kashani, Roberts, 2009) . The virtual experience is an "empowering environment" that the therapy provides for patients. As noted by Botella (1998) , nothing the patients fear can "really" happen to them in VR. In the cognitive rehabilitation area different case studies and review papers suggest the use of VR in this area (Schultheis, Rizzo, 2001; Rizzo, Buckwalter, 1997; where there are no controlled clinical trials. A better situation can be found in the assessment of cognitive functions in persons with acquired brain injuries. In this area, VR assessment tools are effective and characterized by good psychometric properties (Zhang, Abreu, 2001; Piron, Cenni, 2001) . A typical example of these applications is ARCANA. Using a standard tool (Wisconsin Card Sorting Test -WCST) of neuropsychological assessment as a model, Pugnetti and colleagues have created ARCANA: a virtual building in which the patient has to use environmental clues in the selection of appropriate choices (doorways) to move through the building.
For clinical psychologists and psychiatrists the interaction focus of VR prevails over the simulated one: they use VR to provide a new human-computer interaction paradigm in which users are no longer simply external observers of images on a computer screen but active participants within a computergenerated 3D virtual world (Riva, Rizzo, Alpini, 1999; Rizzo, Wiederhold, 1998) . Starting from 1990, different companies have developed complete VR systems for the treatment of common anxiety disorders and specific phobias, such as: fear of heights, fear of flying, driving phobias, social phobia, fear of public speaking, fear of spiders, panic disorder and PTSD.
Clinical applications in Second Life include also an innovative form of group and personal therapy that uses the online world as a safe training environment for patients with social anxiety disorders and with autistic spectrum disorders, including Asperger syndrome (Biever, 2007) . Patients can interact through their avatars in simulated social settings without fearing negative consequences in the real world (Huang, 2008) .
Two meta-analyses (Powers, Emmelkamp, 2007; Parsons, Rizzo, 2007) deal with the effectiveness of VR in the psychotherapeutic field. The first demonstrates not only that VRET is more effective than no treatment, but also that it is slightly, but significantly, more effective than in vivo exposure. The other analysis, concerning the affective effects of VRET, suggests that it has a statistically significant effect on all affective domains and that these effects are of the magnitude described in the literature as large (Cohen, 1992) .
As to PTSD, the University of Southern California (USC) Institute for Creative Technologies (ICT) created an immersive VRET system for combat-related PTSD. The treatment environment was initially based on recycling virtual assets that were built for the commercially successful X-Box game and tactical training simulation scenario, Full Spectrum Warrior. Over the years, other existing and newly created assets developed at the ICT have been integrated into this continually evolving application (Rizzo, Parsons, 2011) .
The Virtual Iraq application (and the new Virtual Afghanistan scenario) consists of a series of virtual scenarios designed to represent relevant contexts for VR exposure therapy, including middleeastern themed cities and desert road environments. Lantern (1) / Jan. 2014
Another alternative therapy to typical imaginary exposure treatment for Vietnam combat veterans with PTSD is the VRE . Rothbaum and colleagues (2001) exposed a sample of 10 combat veterans with PTSD to two environments: a virtual Huey helicopter flying over a virtual Vietnam and a clearing surrounded by the jungle. All the patients interviewed at the 6-month follow-up reported reductions in PTSD symptoms ranging from 15% to 67%.
Rehabilitation: A history of encouraging findings from the aviation simulation literature (Hays, Jacobs, 1992) has supported the concept that testing, training and treatment in highly proceduralized VR simulation environments would be a useful direction for psychology and rehabilitation to explore. As an aircraft simulator serves to test and practise piloting abilities under a variety of controlled conditions, VR can be used to create relevant simulated environments where assessment and treatment of cognitive, emotional and motor problems can take place.
In some cases, different authors showed that it is possible to use VR both to induce an illusory perception of a fake limb or a fake hand (Perez-Marcos, . as part of our own body and to produce an out-of-body experience by altering the normal association between touch and its visual correlate. It is even possible to generate a body transfer illusion: Slater substituted the experience of male subjects' own bodies with a life-sized virtual human female body. It is also possible to use VR to improve body image (Riva, Melis, 1997; even in patients with eating disorders (Riva, Bacchetta, Baruffi, 2002; or obesity (Riva, Bacchetta, Baruffi, Molinari, 2001; Dean, Cook, 2009) .
With patients living with "Autism spectrum disorders" (ASD), the realism of the simulated environment allows children to learn important skills, increasing the probability to transfer them into their everyday lives (Strickland, 1997; McComas, Pivik, 1998) . The literature is increasingly recognising the potential benefits of VR in supporting the learning process, particularly related to social situations, in children with autism (Parsons, Mitchell, 2002; Goodwin, 2008; Ehrlich, 2009) . Those researches analysed the ability of children with ASD in using VEs, and several studies, except one (Parsons, Mitchell, 2005) , suggested that they successfully acquire new pieces of information from VEs. In particular, participants with ASDs learned how to use the equipment quickly and showed significant improvements in performance after a few trials in the VE (Parsons, Mitchell, 2004) . Two studies, using desktop VEs as a habilitation tool, have recently been carried out to teach children how to behave in social domains and how to understand social conventions (Mitchell, Parsons, Leonard, 2007; Herrera, Alcantud, Jordan, 2008) . The realism of the simulated environment allows children to learn important skills (Bellani, Fornasari, 2011) , increasing the probability to transfer them into their everyday lives (Strickland, 1997; McComas, Pivik, 1998; .
Clinical:
A short list of areas where Clinical VR has been usefully applied includes fear reduction in persons with simple phobias Powers, Emmelkamp, 2008) , treatment for PTSD Difede, Hoffman, 2002; Difede, Cukor, 2007; Rizzo, 2010; Rizzo, Difede, 2010) , stress management in cancer patients (Schneider, Kisby, 2010) , acute pain reduction during wound care and physical therapy with burn patients (Hoffman, Chambers, Meyer, 2011) , body image disturbances in patients with eating disorders (Riva, 2005) , navigation and spatial training in children and adults with motor impairments (Stanton, Foreman, 1998; Rizzo, Schultheis, Kerns, 2004) , functional skill training and motor rehabilitation with patients having central nervous system dysfunction (e.g., stroke, TBI, SCI, cerebral palsy, multiple sclerosis) (Holden, 2005; Merians, Fluet, 2010) , and for the assessment and rehabilitation of attention, memory, spatial skills and other cognitive functions in both clinical and unimpaired populations (Rose, Brooks, Rizzo, 2005; Rizzo, Klimchuk, Mitura, 2006; Parsons, Rizzo, Rogers, 2009) . To carry out these studies, VR scientists Lantern (1) / Jan. 2014
Journal of Virtual Worlds Research Vol. 7, No. 1 constructed virtual airplanes, skyscrapers, spiders, battlefields, social settings, beaches, fantasy worlds and the mundane (but highly relevant) functional environments of schoolrooms, offices, homes, streets and supermarkets. In essence, clinicians can now create simulated environments that reproduce the outside world and use them in the clinical setting to immerse patients in simulations that support the aims and mechanics of a specific therapeutic approach (Rizzo, Parsons, Lange, 2011) . Optale et al. (1997; used immersive VR to improve the efficacy of a psychodynamic approach in treating male erectile disorders. In this VE experiment, four different expandable pathways open up through a forest, bringing the patients back into their childhood, adolescence, and teens, when they started to get interested in the opposite sex. Different situations were presented with obstacles that the patient had to overcome to proceed. VR environments were used as a form of controlled dreams allowing the patient to express in a non-verbal way transference reactions and free associations related to his sexual experience.
Pain Management: The first published report to document VR as an effective analgesic for burn wound care was authored by Hoffman (2000) . After this original report, other groups have reported similar analgesic benefits when immersive VR (Chan, Chung, Wong, 2007; Maani, Hoffman, DeSocio, 2008) or 'augmented reality' distraction (Mott, Bucolo, 2008) is added to standard pharmacologic analgesia for portions of (as opposed to the entirety of) bedside wound care procedures, although generally with limited numbers of patients.
Numerous reports have also documented the potential analgesic benefit of immersive VR in medical settings ranging from cancer therapy (Gershon, Zimand, 2004; Windich-Biermeier, Sjoberg, 2007) to dental care (Hoffman, Garcia-Palacios, Patterson, 2001) to transurethral prostate ablation (Wright, Hoffman, Sweet, 2005) .
The combination of multisensory inputs and interactivity makes the VR experience more immersive and realistic than conventional television or video games, and can successfully capture much of the user's conscious attention .
Immersive virtual reality provides a particularly intense form of cognitive distraction during such brief, painful procedures, particularly well-adapted for use in children .
Mechanistic investigations of VR analgesia in the setting of controlled, experimental pain suggest that the magnitude of analgesic effect is dependent upon the user's sense of 'presence' in the virtual environment (Hoffman, Sharar, Coda, 2004) , that subjective VR analgesia is accompanied by simultaneous reductions in pain-related brain activity in the cerebral cortex and brainstem (Hoffman, Richards, Coda, 2004) , and that VR analgesia is of similar magnitude to, and additive with, clinically relevant doses of concurrent systemic opioid analgesics (Hoffman, Richards, Van Oostrom, 2007) .
A recent report by Sharar (2007) compiled results from three ongoing controlled studies to enhance statistical power and investigate such factors as gender, age and ethnicity. This report includes the largest number of subjects published to date -a total of 146 analgesic comparisons in 88 subjects ranging in age from 6 to 65 years -and found that subjective pain ratings were reduced by 20-37% with immersive VR during passive range of motion (ROM) therapy.
Furthermore, none of the pain improvements due to VR distraction varied with differences in gender, ethnicity, initial burn size or duration of the therapy session. Interestingly, the authors found that user assessments of both the realness of the virtual environment, as well as their sense of presence in the virtual environment, differed by age of subjects, with younger subjects (<19 years old) reporting significantly higher ratings for realness and presence than adult subjects (≥19 years old). Lantern The current understanding of the mechanism(s) by which immersive VR reduces subjective pain is skeletal, and largely based on the assumption that multisensory VR experience is distracting to the user and thereby reduces the amount of conscious attention patients can employ to process and interpret nociceptive inputs arising from painful procedures. 
Discussion
Examining the available literature that we found in the 4 search engines considered, we may conclude that VR in medicine could be described as a communication interface based on interactive 3D visualization, able to collect and integrate different inputs and data sets in a single realistic experience.
VR for healthcare is different as to goals and applications from the "Real Virtual World" that is defined as a combination of 3D + 3C (communication, creation and commerce), that is to say a three dimensional world in which communities (Ikegami, 2008) of real people interact, creating content, objects and services and producing real economic value through e-Commerce (Martin, 2008) .
All VR's definitions previously discussed underline two different points of view. For physicians and surgeons, the ultimate goal of VR is the presentation of virtual objects to all the human senses in a way identical to their natural counterpart (Székely, Satava, 1999) . As noted by Satava and Jones (2002) , as more and more of the medical technologies become information-based, it will be possible to represent a patient with such faithfulness that the image may become a surrogate for the patient -the medical avatar.
An effective VR system should offer real-like body parts or avatars that interact with external devices such as surgical instruments as near as possible to their real models.
For clinical psychologists and rehabilitation specialists the ultimate goal is radically different (Riva, Rizzo, Alpini, 1999; Rizzo, Wiederhold, Van Der Zaag, 1998) . They use VR to provide a new human-computer interaction paradigm in which users are no longer simply external observers of images on a computer screen but active participants within a computer-generated 3D VW. According to Riva (2005) four barriers still remain in the VR application in Medicine. The first is the lack of standardization in VR devices and software. The PC-based systems, while cheap and easy-to-use, still suffer from a lack of flexibility and capabilities necessary to individualize environments for each patient . To date, very few of the various VR systems available are interoperable. This makes their use difficult in contexts other than those in which they are developed. The second is the lack of standardized protocols that can be shared by the community of researchers. Current searches of the two clinical databases used in this review yielded only five published clinical protocols: for the treatment of eating disorders (Riva, Bacchetta, Cesa, 2001) , fear of flying (Klein, 1999; Rothbaum, Hodges, Smith, 1999) , fear of public speaking (Botella, Baños, Villa, 2000) , and panic disorders (Vincelli, Choi, Molinari, 2001) . The third barrier is the cost required for the set-up of these protocols' trial.
Finally, the introduction of patients and clinicians to virtual environments raises particular safety and ethical issues (Durlach, Mavor, 1995) . Despite developments in VR technology, some users still experience health and safety problems associated with VR use. It is however true that for a large proportion of VR users, these effects are mild and subside quickly (Nichols, Patel, 2002) . According to Kennedy, Lane, Berbaum and Lilienthal (1993) the temporary side effects can be divided into three classes of symptoms related to the sensory conflicts and to the use of virtual reality equipment: (1) visual symptoms (eyestrains, blurred vision, headaches), (2) disorientation (vertigo, imbalance) and (3) nausea (vomiting, dizziness). Lantern (1) / Jan. 2014
We also have to consider two critical aspects of this review: 1. We have taken into consideration only 4 search engines without considering other psychology search engines like APA (PsycINFO, PsycARTICLES, PsycBOOKS, PsycCRITIQUES, PsycEXTRA, PsycTHERAPY, PsycTESTS, etc.) . 2.
The key terms we selected are not completely descriptive for the entire world of virtual healthcare application.
But it is important to underline that Virtual worlds are an exciting area offering opportunities in every healthcare areas, from teaching to clinical interventions. We can assume this field of study will offer great opportunities in the world of e-learning and simulators. If we think about Augmented Reality application to glass, it is clear that it could be a very important tool in operating rooms or just for teaching. We may imagine that it could be useful for video sharing and storage -physicians could record medical visits and store them for future reference or share the footage with other doctors. Moreover, it could be employed for diagnostic reference: If glass is integrated with an electronic medical record (EMR), it could provide a real-time feed of the patient's vital signs.
We could also imagine other uses, such as:
• A textbook alternative: Rather than referring to a medical textbook, physicians can perform a search on the fly with their augmented reality glass. • Emergency room/war zone care: dealing with wounded patients and right there in their field of vision, if they're trying to do any kind of procedure, they'll have step-by-step instructions walking them through it. In trauma situations, doctors need to keep their hands free. • Helping medical students learn: a surgeon might live stream a live -and potentially raresurgery to residents and students. • Preventing medical errors: With an electronic medical record integration, a nurse can scan the medication to confirm whether the drug dose is correct and administered to the right patient.
